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SOJUDIES  OF  INSECTICIDE  RESIDUES  ON  GRAPES  AND  IN  WINES 

By  George  W.  Still  and  Jack  E.  Fahey 
Entomology  Research  Division 

Insecticides  applied  to  grapes  may  occur  in  such  form  and  quantity  in 
residues  on  harvested  fruit  and  persist  through  the  processing  procedure  to 
such  an  extent  as  to  be  objectionable  in  wines.  Factors  affecting  the  amount 
of  insecticide  residues  at  harvest  include  spray  concentration  and  rate  of 
application,  joint  or  subsequent  use  of  other  insecticides,  fungicides,  and 
stickers,  time  , of  last  application  in  relation  to  harvest,  and  rainfall  (Fahey 
and  Still  3)-^ 

Since  a  considerable  part  of  the  grai>e  crop  in  northern  Ohio  is  used  in 
making  wines,  cooperative  studies-' were  undertaken  to  determine  whether 
residues  of  lead,  arsenic,  DDT,  parathion,  EPN,  and  methoxychlor  persist  in 
deleterious  amounts  to  contaminate  the  finished  product. 

Concord  and  Catawba  grapes  from  the  experimental  plots  of  the  Entomology 
Research  Division  at  Sandusky,  Ohio,  were  processed,  and  the  wine  was  made  at 
commercial  wineries  using  their  regulax  equipment.  Only  small  lots  of  wine 
were  made,  not  exceeding  30  gallons  in  any  one  lot,  using  either  30-gallon 
oak  barrels  or  13-gallon  glass  carboys. 

The  wine  was  made  by  two  processes.  The  pulp-ferment  process  consisted  of 
crushing  the  grapes  without  removing  the  stems,  adding  sugar,  and  fermenting 
this  mash  in  an  open  vat.  The  fermented  pulp,  or  mash,  was  then  pressed  and 
the  wine  placed  in  a  wooden  cask  or  glass  carboy  for  further  fermentation. 
The  cold-press  process  consisted  of  crushing  and  pressing  the  grapes  without 
removing  the  stems.  Sugar  was  added  to  the  fresh  juice,  which  was  then 
placed  in  a  wooden  cask  or  glass  carboy  and  fermented. 

Ameliorated  wines  were  those  to  which  both  sugar  and  water  were  added 
before  fermentation,  as  per  specifications  of  the  U.S.  Bureau  of  Internal 
Revenue . 

1/  Numbers  in  parentheses  refer  to  Literature  Cited  at  the  end  of  this 
report . 

2/  Mantey  Vineyards,  Venice,  Ohio,  Linrpert  Winery,  Westlake,  Ohio,  and 
Meier's  Wine  Cellars,  Inc.,  Scmdusky,  Ohio,  processed  the  grapes  into  wine. 
The  Horticultural  Depeurtment,  Ohio  Agricultural  Experiment  Station,  Wooster, 
analyzed  some  of  the  sainples  for  DDT  residues.  Most  residue  analyses  were 
performed  by  the  Pesticide  Chemicals  Research  Branch,  Entomology  Research 
Division. 


METHODS  OF  ANALYSIS 

Samples  of  ripe  grapes  "were  frozen  as  soon  as  possible  after  collecting 
and  held  in  this  condition  until  analyzed.  Residues  of  organic  insecticides 
were  recovered  from  the  fruit  surface  hy  stripping  the  grapes  with  benzene  and 
from  the  juice  and  wine  samples  by  extraction  with  benzene.  After  shaking  the 
solvent  for  30  minutes ,   it  was  decanted  into  a  sample  storage  bottle  and  dried 
over  sodium  siilfate.  An  aliquot  was  taken  for  analysis. 

For  DDT  and  methoiychlor,  redistilled  benzene  was  the  solvent.  DDT  was 
determined  by  either  the  Schechter-Haller  (6)  or  Stiff -Castillo  method  (7)  and 
methoxychlor  by  the  Fairing  and  Warrington  method  (^) .  Lead  arsenic  residues 
were  wet  ashed  with  sulfuric  and  nitric  acids.  Lead  residues  were  detennined 
by  electrolytic  precipitation  and  titration  (Wichmann,  et  al.  8)  and  arsenic 
by  bromate  titration  of  arsenic  trichloride  (Jones  ^,   and  Association  of 
Official  Agricultural  Chemists  l).  Parathion  and  EPN  were  extracted  with 
benzene  and  determined  by  the  colorimetric  method  of  Averell  and  Norris  (2). 

LEAD  AHD  AESEHIC  RESIDUES 

It  is  well  known  that  applications  of  three  or  more  sprays  of  lead 
arsenate  after  bloom  may  result  in  excessive  residues  of  lead  and  arsenic  on 
the  grapes  at  hairvest.  Whether  the  samples  analyzed  include  only  the  berries 
or  entire  clusters,  including  the  stems,  the  amounts  of  residues  do  not  vary 
much.  The  level  and  range  of  lead  and  arsenic  residues  resulting  from 
standard  lead  arsenate -spray  programs  on  ftresh  grapes  are  shown  in  table  1. 
A  summary  of  lead  and  arsenic  residues  in  the  successive  stages  of  wine 
processing  of  grapes  from  plots  receiving  the  above  treatments  is  given  in 
table  2.  In  the  analysis  of  the  residues  on  fruits,  the  grape  berries  were 
used  without  stems.  Both  stems  and  berries  were  used  in  the  processing  of 
the  wines. 

Table  1. — Level  and  range  of  lead  arsenic  residues  on  fresh  grapes  at  harvest 
following  use  of  standard  lead  arsenate -spray  schedules 
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The  data  in  tatles  1  and  2  show  that  69  percent  of  the  lead  (Ph)  and  55 
percent  of  the  AS2O3  residues  on  the  fresh  berries  were  lost  in  processing  the 
"berries  into  juice,  79  and  U-5  percent  of  the  remaining  residues  were  lost, 
respectively,  in  processing  the  juice  into  wine,  for  a  total  loss  of  93  percent 
of  the  lead  and  75  percent  of  the  AS2O3  in  the  con^lete  processing  procedure. 
Since  analyses  of  lead  residues  are  not  accurate  helow  O.k  p. p.m.,  the  amounts 
reported  may  "be  high.  However,  the  amounts  of  lead  and  airsenic  did  not  exceed 
the  tolerance  for  those  materials  in  the  finished  wine. 

DDT  RESIDUES 

In  19^^  grapes  sprayed  with  l|-  pounds  of  50-pe3:cent  DDT  wettahle  powder 
per  100  gallons  of  water  on  June  16  and  2k,   July  16,  and  August  1  and 
harvested  on  September  22  were  fermented  in  the  pulp,  ameliorated  with  sugar 
and  water,  and  processed  into  wine.  The  DDT  residue  on  the  fresh  berries  was 
not  determined.  On  December  5>  19^^j  an  unfiltered  composite  of  the  22 
gallons  of  wine  in  the  original  cask  contained  O.k  p. p.m.  of  DDT  and  a 
composite  of  the  sediment  in  the  lower  5  inches  of  the  cask  contained  0.2 
p. p.m.  of  DDT.  The  bulk  of  the  wine  was  then  transferred  to  a  15-gallon  cask. 
On  June  12,  19^5^  a  composite  of  the  unfiltered  wine  still  contained  0,k  p. p.m. 
of  DDT  and  the  sediment  in  the  lower  5  inches  of  the  cask  had  0.2  p. p.m.  A 
coniposite  of  the  wine  filtered  twice  contained  only  0.2  p. p.m.  of  DDT. 

In  19^  Concord  and  Catawba  grapes  spi^ved  with  1^  pounds  of  ferbam  per 
100  gallons  of  water  on  April  2k  and  with  l|-  pounds  of  50 -percent  DDT  wettable 
powder  and  1^  pounds  of  ferbam  per  100  gallons  of  water  on  June  8  (prebloom) 
and  27,  July  5  and  15,  and  August  7  and  26  and  harvested  on  September  30  and 
October  10,  respectively,  were  processed  into  wine.  The  Concord  grapes  were 
fermented  in  the  pulp  and  then  pressed  for  wine  processing.  The  Catawba 
grapes  were  cold  pressed  for  wine  processing.  In  both  methods  the  juice  was 
ameliorated  with  sugar  and  water. 

In  19^7  Catawba  grapes  sprayed  with  1^  pounds  of  50-percent  DDT  wettable 
powder  with  fungicide  and  sticker  per  100  gallons  of  water  on  Jiily  7  and  29, 
August  k  and  25,  September  11,  smd  October  6  were  harvested  on  October  16  and 
made  into  wine  by  the  cold-press  method  and  the  juice  was  ameliorated  with 
sugar  and  water.  As  a  check,  Catawba  grapes  sprayed  only  with  2  pounds  of 
50-percent  DDT  wettable  powder  x)er  100  gallons  on  July  21  were  processed  into 
wine  in  a  similar  manner  at  the  same  time. 

In  1950  Concord  grapes  sprayed  with  l|-  pounds  of  50-percent  DDT  wettable 
powder  per  100  gallons  of  water  on  June  23  and  July  3  vith  a  sticking  agent 
and  on  August  I5  and  30  without  a  sticking  agent  were  harvested  on  October  7 
and  made  into  wine  by  the  cold-press  method.  The  DDT  residues  in  the  wine 
processed  in  19^^  19^7^  and  1950  are  given  in  table  3* 


Table  3»-*Amount  of  DDT  residnes  In  vLne  processed  from  grapes  sprayed  with 
DDT  and  ferbam 


Stage  of 
processing 


Residues  (p. p.m.)  for  indicated  year,  variety, 
process ,  and  mmber  of  sprays 


19^ 
Concord, 
pulp  fer- 
ment, 6 
sprays 


Catawba, 

cold  press 

6  sprays 


IW 
Catawba,  cold  press 


6  sprays 


1  spray 


1950 
Concord, 
cold  press, 
k   sprays 


BeiTies  (no  stems)' 

Fresh  juice 

Fresh  pomace — — — 
First  rack: 

Wine 

Lees 

Final  rack: 

Unfiltered  wine 

Filtered  wine 

Lees 


5.1 

0 

51.0 

1.0 
1.2 

0 
0 
0 


13.3 
0 

l^5.^ 

1.2 
1.1^ 

0 
0 
0 


29.12 

0 


0 
0 


2.7 

.1 

17.5 


The  data  show  that  the  DDT  residue  on  grapes,  regardless  of  the  amount, 
was  eliminated  in  the  wine-making  process  or  reduced  to  well  below  the 
tolerance  for  DDT  in  the  finished  wine. 

PARATHION,  EEN,  AMD  METHOXYCHLOR  RESIDUES 

In  19^9  Catawba  grapes  sprayed  with  k  ounces  of  actual  parathion  per  100 
gallons  of  water  on  June  10  and  22,  July  I8  and  28,  and  August  25  or  on  the 
foregoing  dates  and  on  September  16  and  harvested  on  October  2  were  made  into 
wine  by  the  cold-press  method  and  ameliorated  with  sugar. 

In  1950  Concord  grapes  sprayed  with  15-percent  parathion,  25-percent  EPN, 
or  50-percent  methoxychlor  wettable  powders  at  2  pounds  per  100  gallons  of 
water  with  a  sticking  agent  on  June  23  and  J\ily  3  and  without  a  sticking 
agent  on  August  I5  and  30  were  harvested  on  October  7  and  processed  into  wine 
by  the  cold-press  method  and  ameliorated  with  sugar. 

Residue  data  in  table  k   show  that  neither  EPN  nor  methoxychlor  residues 
occurred  in  the  finished  wine.  Parathion  residues  occurred  in  little  more 
than  a  trace  amount  or  not  at  all,  even  when  more  than  the  nonnal  numiber  of 
applications  were  made,  the  last  near  harvest. 


Table  k. — Amount  of  residues  in  vine  processed  (cold  press)  from  grapes 
sprayed  vith  parathion,  EPN,  and  methoxyclilor 


Residues  (p. p.m.)  from  indicated  insecticide  applications 

Parathion  :     EPN    ;  Methoxychlor 


Stage 
of 
Processing 


6  sprays  ;  7  sprays  ;  k   sprays' 
19^9  1930 


k   sprays  :    k   sprays 


Berries 

Fresh  juice; 

Ho  sugar 

Sugar  added-- 
Fresh  pomace- 


First  rack: 

Wine 

Lees 


Second  rack: 

Wine 

Lees 


0.15 


0 
0 


,1k 


0.39 


0 
0 


.84 


Fe'bruary  19^0 


0 
0 


0 
0 


July  19^1 


0 
0 


19^0 


<0.1 


<  ,1 
.5 


0.3 


.1 

2.5 


3.6 


.k 
2.6 


January  19^1 


<  .05 


SOMMAET 


Three  applications  of  lead  arsenate  to  grapes  after  bloom  resulted  in 
excessive  residues  of  lead  and  AS2O2  on  the  grape  "berries  at  harvest.  When 
grapes  carrying  excessive  amounts  of  lead  and  As20^  were  made  into  wine, 
practically  all  the  lead  residue  and  about  three -fourths  of  the  arsenic  were 
lost  during  the  wine -making  process.  Much  of  the  lost  residue  was  accounted 
for  in  the  pomace  and  lees.  Filtering  the  wine  did  not  raaove  either  lead 
or  arsenic  residues.  Slightly  less  arsenic  occurred  in  wine  processed  by  the 
cold-press  method  than  in  wine  processed  by  the  pulp-ferment  method.  The 
amounts  of  lead  and  arsenic  did  not  exceed  the  tolerance  for  those  materials 
in  the  finished  wine. 

Tests  conducted  in  19^,  19^7,  and  1950  showed  that  DDT  residues  on  tresh 
grapes  were  largely  dissipated  in  the  wine -making  process,  regardless  of 
whether  the  wine  was  made  by  the  pulp-ferment  or  cold-press  method. 
Practically  all  the  DDT  was  accounted  for  in  the  pomace. 

Wine  made  from  grapes  sprayed  excessively  with  parathion  and  close  to 
harvest  contained  no  parathion  or  little  more  than  a  trace.  These  and  simllair 
results  with  grapes  sprayed  excessively  with  DDT  indicate  that  residues  of 
organic  insecticides  on  grapes  are  unlikely  to  occur  in  the  finished  wine. 
Similar  results  were  obtained  in  less  extensive  tests  with  grapes  sprayed  with 
£FN  and  methoxychlor. 
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